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Abstract 
The in-depth study on the rule of temporal and spatial variation of water resources system in Gansu Province 
is the scientific basis for alleviating the contradiction between human, ecology, and water and will provide 
scientific basis for optimizing the relationship between social economic development, environmental 
improvement and water resources, planning reasonable water structure and sustainable development of water 
resources. Global climate and environmental changes are endangering global water resources; and several 
approaches have been tested to manage and reduce the pressure on these decreasing resources. Ehrlich and 
Ehrlich proposed the concept of “ecosystem services” as a way to assess the impact and effectiveness of 
ecosystems on human society. Ecosystem services are “the conditions and processes through which natural 
ecosystems, and the species that make them up, sustain and fulfill human life”. On the basis of the unique 
perspective analysis of the inter-annual and regional changes of water resources in Gansu Province from 
2010 to 2016, the Lorenz curve and the Gini coefficient statistical method are used to quantitatively describe 
the change process and evolution characteristics in temporal and spatial distribution of total water 
consumption and water consumption structure in Gansu Province. The results show that 1, the spatial 
distribution of water resources in Gansu Province is quite uneven, the water resources are mainly 
concentrated in Gannan and Longnan, and the most serious water scarcity area is Hexi area, 2, the overall 
regional difference of total water consumption in Gansu Province from 2010 to 2016 is higher, and 3, water 
resource shortages are becoming an increasingly common and serious global problem. The special 
distribution of water consumption in the three major industries is relatively balanced. 
Keywords: ecosystem services insights, water resources, water structure, spatial and temporal evolution, 
Gansu Province 
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INTRODUCTION 
The water security threat is a water resource 

problem facing 80% of the world’s population 
(Vorosmarty et al. 2010). Water security is a social issue 
affecting individuals, cities, countries, regions, river 
basins and the world, and plays a vital role in the future 
economic and social sustainable development (Greyand 
Garrick 2012). In view of water resources security 
issues, the analysis of the characteristics and evolution 
of water resources systems has become the focus of 
global water science research. Taylor assessed the 
impact of natural climate on groundwater and 
groundwater feedback to the climate system (Taylor 
and Scanlon 2013); Van used hydrological-water 
temperature models to assess changes in freshwater 
ecosystems and human water consumption. Ecosystem 

services are divided into a four category classification 
scheme that is now widely accepted and used in the 
Millennium Ecosystem Assessment (MA). The four 
ecosystem service categories include: supply services, 
regulating services, cultural services, and support 
services. All of these categories are closely related to 
human activities. The relationship between ecosystem 
services and water resources management has been 
gaining increased attention, with some considering the 
concepts to be almost the same. Some people have tried 
to use ecosystem services to also provide integrated 
water resources management services; others have used 
ecosystem and water resources management when 
facing multiple stressors. These activities have 
demonstrated that ecosystem services can support water 
resources planning, with mutually supportive 
opportunities. However, there is currently no mature 
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water management framework in Gansu, so the area 
continues to face water problems. Recent studies have 
investigated the tradeoffs and synergies between 
multiple ecosystem services. One study evaluated the 
trade-off between carbon sequestration and water yield; 
another study compared the trade-off and synergy 
between water yield, agricultural production, soil 
conservation, water interception, and carbon 
sequestration. Understanding how human 
interventions influence ecosystem service functions, 
and understanding how the functions impact human 
welfare is a significant challenge. For example, one 
study investigated the effects of biomass harvesting on 
the capacity of the forest ecosystem to provide water and 
climate regulation benefits to local and global 
beneficiaries. The close relationship among each 
ecosystem services provides opportunities to apply 
ecosystem services to natural resource management. 
The ecosystem service function has become an 
important factor that people need to consider in 
managing natural resources or formulating relevant 
policies, with the ultimate goal of maintaining 
ecological balance. 

Some scholars in China carried out research on the 
changes of water resources, the evolution of carrying 
capacity, and driving factors in different river basins 
such as the Huolin River Basin, the upper reaches of the 
Minjiang River, and the Yangtze River Basin (Chen and 
Liu 2018, Lu et al. 2011, Zhao 2015). Some scholars 
studied the changes of water resources in different 
regions of China, the polarization degree of water 
resources intensity, and the evolution of water 
consumption structure. For example, Ding Wenrong 
used the land surface evaporation formula to analyze the 
water resources components such as land surface 
evaporation and available precipitation in the dry valley 
area and predicted its future evolution trend (Ding and 
Lv 2015); Wang Lian studied the regional difference and 
degree of polarization of water intensity of China from 
2003 to 2014 based on the Theil index (Wang and Deng 
2017); Wei Shuai made use of the water resources 
system dynamics model to analyze the constraints of the 
water resources system in Zhongshan City and the 
evolution of water resources under the drive (Wei et al. 
2014); Ma Li combined water spatial distribution 
characteristics and water resource utilization efficiency 
to explore coordination of industrial structure and water 
consumption structure (Ma et al. 2016). 

As China’s arid and semi-arid region, Gansu 
Province features average annual per capita water 
resources of only 1/2 of the national average, 1/8 of the 

world average and scarce water resources (Ma 2003). 
With the implementation of the western development 
strategy, the urbanization strategy and the economic 
strategy of the Silk Road Economic Belt, the scale of 
urban development and economic development in 
Gansu Province has been increasing, which has 
aggravated a series of contradictions of the “water 
problem”: Unbalanced supply and demand of water 
resources, a large amount of sewage, and increased 
water pollution (Cai and Yan 2018). As a result, based 
on the unique perspectives of water consumption and 
water in the water resources system of Gansu Province, 
this paper used the statistical methods such as Lorenz 
curve and Gini coefficient to study the total amount of 
water resources, total water consumption, time 
variation and spatial distribution of water consumption 
structure to comprehensively reveal the evolution law 
of water resources from the perspective of “water 
resources system”. It’s conducive to scientific 
understanding of water resources endowments in 
various regions of Gansu Province and is conducive to 
optimizing water resources allocation pattern, 
utilization structure and planning design in Gansu 
Province. The results show that: First, for the water 
supply, the spatial distribution of water resources in 
Gansu Province is very uneven. The total amount of 
water resources in the 14 administrative divisions of the 
province vary greatly. The water resources are mainly 
concentrated in Gannan and Longnan and the water is 
in serious shortage in Hexi area, especially the change in 
the amount of water resources per capita presenting a 
“cliff” style. Second, in terms of water consumption, 
according to the analysis of industry water consumption 
categories, the spatial distribution of farmland irrigation 
water, forestry, animal husbandry and fishery water 
consumption and ecological environment water 
consumption in Gansu Province is relatively balanced, 
and the spatial distribution gap between industrial water 
consumption and urban public water consumption is 
large. The spatial distribution gap of residential water 
consumption is huge. 

OVERVIEW OF THE STUDY AREA 
According to the Gansu Development Yearbook 

(2017), Gansu is one of the five northwestern provinces 
in China. Most of the regions feature dry climate, the 
annual precipitation of 36.6-734.9 mm. The arid and 
semi-arid areas account for 75% of the total area. The 
province’s land area is about 425,800 square kilometers. 
It has jurisdiction over 12 prefecture-level cities, 2 
autonomous prefectures, and 86 counties (cities, 
districts). The provincial water resources are mainly 
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divided into three river basins of the Yellow River, the 
Yangtze River and the Inland River and 11 water 
systems. The province’s multi-year average self-
produced water resources amounted to 28.94 billion 
cubic meters, including 28.21 billion cubic meters of 
surface water and 730 million cubic meters of 
groundwater. The province’s average annual inflow of 
water resources was 28.733 billion cubic meters, and the 
amount of outbound water resources was 48.235 billion 
cubic meters. 

RESEARCH METHODS 

Research Ideas 
Based on the water analysis of water resources in 

Gansu Province at different time categories and spatial 
scales, the Lorentz curve and the Gini coefficient were 
used to study the dynamic evolution characteristics of 
water consumption structure and spatial distribution of 
various industries in Gansu Province from 2010 to 
2016. The main research ideas: First, consider the time 
and space dimensions and spatial scales to analyze the 
spatial and temporal characteristics of the total water 
resources change in Gansu Province from 2010 to 2016; 
then, analyze the current situation of water resources 
utilization in Gansu Province, use the Lorenz curve and 
the Gini coefficient to study the temporal and spatial 
evolution characteristics of water consumption 
structure in Gansu Province from 2010 to 2016, 
revealing the evolution law of water consumption and 
the trend of future water consumption. 

Research Methods 
Lorenz Curve: The Lorenz Curve was proposed by 

American statistician Max Lorenz in 1915 to describe 
income inequality or wealth in different regions of the 
same period or in different period of the same region 
(Ogwang and Rao 1996). As shown in Fig. 1, the 
diagonal OL in the figure is a uniform distribution of 

absolute social income. The greater degree of 
downward bending of the Lorenz curve means more 
serious uneven distribution of social income; on the 
contrary, the distribution of social income is fairer. 

This paper first calculated the LQ of various 
industries in various administrative divisions (Cui et al. 
1999), as shown in formula (1); then, according to the 
industry water category, the location entropy of each 
administrative division is arranged in ascending order, 
and the accumulative total water consumption ratio of 
each administrative division and accumulative total 
water consumption ratio of the industry is calculated; 
finally, the Lorenz curve of water consumption in 
various industries from 2010 to 2016 is drawn (x value 
- cumulative percentage of total water consumption in 
each administrative division, y value - cumulative 
percentage of water consumption in a certain industry). 
If curve is closer to absolute uniform line, indicating 
that the water distribution in the industry is more 
balanced, and vice versa. 

 𝐿𝐿𝐿𝐿 = (𝐴𝐴𝑖𝑖𝑖𝑖/𝐴𝐴𝑖𝑖)/(𝐴𝐴𝑖𝑖/𝐴𝐴)   (1) 

In formula (1), Aik is the k-type industry water 
consumption in administrative division, Ak is the total 
amount of water consumed in the k-th industry in 
Gansu Province, Ai is the total amount of water 
consumed in administrative divisions, and A is the total 
water consumption in Gansu Province. 

Gini coefficient: The Gini coefficient proposed by 
the Italian economist Corrado Gini in 1912 is a data 
representation of the Lorenz curve, which can 
quantitatively determine the degree of inequality in 
income distribution (Davidson 2009), as shown in 
formula (2).  

 
Fig. 1. Lorenz curve 
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 𝐺𝐺 = 1 − 2�𝑓𝑓(𝑥𝑥)𝑑𝑑𝑥𝑥
1

0

 (2) 

In the formula (2), f(x) is a Lorentz curve equation. 
0 ≤ G ≤ 1, the smaller G indicates more uniform 
income distribution and vice versa. 

The Gini coefficient can quantitatively evaluate the 
degree of difference in the distribution of water 
consumption in various industries. G is absolute 
average below 0.2, comparative average between 0.2 and 
0.3, reasonable between 0.3 and 0.4, large between 0.4 
and 0.5 and huge above 0.5 (Barrett and Salles 1995). 

Data Sources 
The water resources data used in this paper is 

derived from the Gansu Water Resources Bulletin from 
2010 to 2016. The socio-economic data is derived from 
the 2010-2016 Statistical Communiqué of Gansu 
Province’s National Economic and Social Development 
and the Gansu Development Yearbook. In view of the 
accuracy, continuity and consistency of the data, this 
paper takes 14 administrative divisions (cities/states) 
under the jurisdiction of Gansu Province as the research 
unit, and the research period is 2010-2016. 

RESULTS AND DISCUSSION 

Spatial and Temporal Evolution of Total Water 
Resources 

Interannual changes in total water resources 
The average water resources in Gansu Province 

from 2010 to 2016 were 25.287 billion m3, which was 
12.64% lower than the total water resources of 28.9441 
billion m3 in 1956-2000. Among them, the average 
surface water resources from 2010 to 2016 were 24.4909 

billion m3, which was 13.16% lower than the average 
surface water resources of 28.2139 billion m3 in 1956-
2000. The average groundwater resources from 2010 to 
2016 were 12.1913 billion m3, which was 2.13% lower 
than the average ground water resources of 12.456 
billion m3 in 1956-2000. According to the analysis of the 
composition change of the average water resources in 
Gansu Province from 2010 to 2016 (Fig. 2), it’s learnt 
that: 

(1) The total amount of water resources from 2010 
to 2016 was generally reduced. From 2010 to 
2013, the total amount of water resources 
maintained steadily and continuously increasing. 
The total amount of water resources declined 
from 2014 to 2016, especially from 2014 to 2015. 
This was in line with the water event of drought 
in spring and winter, and partial drought in 
summer of Gansu in 2014 and winter drought 
and summer and autumn drought in 2015. 

(2) The trends of surface water resources and total 
water resources were basically the same, which 
increased first before decreasing and the decrease 
was greater than the increase. 

(3) The amount of groundwater resources remained 
basically the same, with values ranging from 10.1 
billion m3 to 13.9 billion m3 

Regional changes in total amount of water resources 
According to the analysis of the composition change 

of the average amount of water resources in the 14 
administrative divisions of Gansu Province from 2010 
to 2016 (Fig. 3): 

 
Fig. 2. Change curve of amount of water resource from 2010 to 2016 
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(1) From the perspective of the average amount of 
water resources and the spatial distribution of 
their changes, the spatial distribution of the 14 
administrative divisions is extremely uneven. 
The average total amount of water resources in 
Gannan and Longnan City were 7.0739 billion 
m3 and 4.6349 billion m3 respectively, and the 
average amount of water resources in Jiayuguan 
City and Jinchang City were respectively 185 
million m3 and 999.1 million m3. 

(2) The difference in per capita water resources 
amount from 2010 to 2016 in each 
administrative division was significant. 
Calculating the per capita water resources of each 
administrative division with the per capita water 
resources from 2010 to 2016 and the resident 
population in 2016, it can be divided into five 
regional types: only Gannan Prefecture with a 
per capita water resource of 9000 m3 or more, 
Zhangye City, Jiuquan City, Longnan City with 
a per capita water resource of 1000-500 m3, 
Linxia prefecture, Qingyang City, Dingxi City, 
Jinchang City, Tianshui City, Pingliang City, 
Baiyin City with a per capita water resource of 
100-300m3 and Lanzhou City and Jiayuguan 
City with a per capita water resource of below 
50m3. Obviously, the change in per capita water 
resources of various administrative divisions in 
Gansu Province is in a state of “cliff”, indicating 
that water resources are extremely scarce in most 
parts of Gansu Province, and population-water 
resources are highly contradictory. 

Spatial and Temporal Evolution of Water 
Resources Utilization 

Temporal and spatial changes in total water 
consumption 

(1) The total water consumption in Gansu Province 
increased first and then decreased and it showed 
an overall downward trend. 12.2324 billion m3 in 
2010 fell to 11.835 billion m3 in 2016, an overall 
decline of 3.25%. Among them, from 2010 to 
2012, it rose to 12.3084 billion m3. In 2013, it fell 
to 12.1918 billion m3, which has continued to 
drop to 11.835 billion m3 in 2016. 

(2) The distribution of total water consumption in 
various administrative divisions in Gansu 
Province was still uneven. The average total 
water consumption in Jiuquan City and Zhangye 
City was 2.8765 billion m3 and 2.3315 billion m3 

respectively, ranking the top two in the province. 
The average total water consumption in Gannan 
and Jiayuguan City was 0.0697 billion m3 and 
0.1868 billion m3 respectively, ranking last in the 
province. The total water consumption in 
Jiuquan City, Jiayuguan City, Jinchang City, 
Baiyin City, Linxia Prefecture and Gannan 
Prefecture increased. The largest increase of 
water consumption occurred in Jiuquan City, 
namely 0.149 billion m3. Gannan Prefecture had 
the fastest water consumption growth rate with 
an average annual growth rate of 8.67%. The 
total water consumption of other administrative 
divisions decreased, and the maximum water 
consumption reduction in Lanzhou City was 
0.3356 billion m3 

 
Fig. 3. Distribution of water resources in each administrative division 
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Temporal and spatial changes in water consumption 
structure 

(1) Overview of water consumption structure 

According to the statistics of six industries of 
farmland irrigation, forestry, animal husbandry and 
fishery, industry, urban public use, resident life, and 
ecological environment, the water structure of Gansu 
Province is analyzed. The irrigation water consumption 
of farmland in all industries is the largest, accounting for 
73.26% of the total water consumption; the industrial 
water consumption ranks second, accounting for 
11.02% of the total water consumption; the water 
consumption of forestry, animal husbandry and fishery, 
resident life water consumption, ecological 
environment water consumption, urban public use 
water consumption are arranged in order, accounting 
for 6.27%, 5%, 2.34%, and 2.13% respectively. Among 
them, the water consumption of farmland irrigation, 
industry and resident life decreased in turn; the urban 
public water consumption showed an upward trend; the 
water consumption of forestry, animal husbandry and 
fishery decreased from 2010 to 2012, and continued to 
increase after 2013; the ecological environment water 
continued to decrease from 2010 to 2014 with sudden 
increase from 2015 to 2016. In short, the reduction of 
farmland irrigation water consumption was the largest, 

with a decrease of 0.3948 billion m3; the growth of 
forestry, animal husbandry and fishery water 
consumption was the largest, increasing by 0.2539 
billion m3; the urban public use water consumption 
growth rate was the fastest, with an average annual 
growth rate of 7.22%. 

(2) Spatial evolution analysis of water consumption 
structure based on Lorenz curve 

According to the water consumption data of the six 
major industries in Gansu Province, the location 
entropy of water consumption of farmland irrigation, 
forestry, animal husbandry and fishery, industry, urban 
public use, resident life, and ecological environment, 
Lorenz curve for water consumption in various 
industries from 2010 to 2016 was drawn to analyze the 
uniformity of the distribution of water consumption in 
various industries in Gansu Province. Since the distance 
between the Lorenz curve and the absolute uniform line 
of each industry from 2010 to 2016 is basically the same 
every year, that is, the uniform distribution of water 
consumption in various industries in each year is 
roughly similar, the water consumption Lorenz curve 
(Fig. 4) in various industries in Gansu Province in 2016 
is used as an example for spatial difference analysis. 

 
Fig. 4. Lorenz curve of water consumption in various industries in Gansu Province in 2016 
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As can be seen from Fig. 4, the distance between the 
Lorenz curve and the absolute uniform line of water 
consumption of farmland irrigation, forestry, animal 
husbandry and fishery, ecological environment, 
industry, urban public use, and resident life in Gansu 
Province increased in turn, indicating that the 
distribution of farmland irrigation water consumption 
areas is balanced, and the utilization degree of each 
administrative division is basically the same; the 
distribution of forestry, animal husbandry and fishery 
and ecological environment water consumption is 
relatively average, and the utilization degree of each 
administrative division is inconsistent, but the 
difference is little; the water consumption area of 
industry, urban pubic use, residents life are distributed 
in concentration and the degree of utilization of 
administrative divisions is large, especially the huge gap 
in the domestic water consumption of residents in 
various administrative divisions. 

In 2016, the total water consumption in Jiuquan 
City and Zhangye City accounted for 23.82% and 
19.27% of the total water consumption in Gansu 
Province respectively, but the domestic water 
consumption of the residents only accounted for 5.35% 
and 5.57% of the total domestic water consumption of 
Gansu Province; the total water consumption in 
Tianshui City accounted for 3.29% of the total water 
consumption in Gansu Province, but its domestic water 
consumption accounted for 10.7% of the total domestic 
water consumption of Gansu Province, showing that 
the domestic water consumption in Gansu Province 
was extremely uneven. The total water consumption in 
Zhangye City accounted for 19.27% of the total water 
consumption in Gansu Province, but its industrial water 
consumption accounted for 4.8% of the total industrial 
water consumption in Gansu Province; the total water 
consumption in Lanzhou City accounted for 10.69% of 
the total water consumption in Gansu Province, but its 
industrial water consumption accounted for 35.35% of 
the total industrial water consumption in Gansu 

Province, indicating that industrial water consumption 
in Gansu Province is concentrated. 

(3) Analysis of time evolution of water consumption 
structure based on Gini coefficient 

1) Calculation and evaluation of water consumption 
Gini coefficient for various industries from 2010 to 
2016. The water consumption Gini coefficient for 
various industries from 2010 to 2016 is shown in Table 
1. 

The data in Table 1 can quantitatively describe the 
degree of difference in the distribution of water 
consumption in various industries. For many years, the 
distribution of farmland irrigation water has an absolute 
average (G<0.2); the distribution of forestry, animal 
husbandry and fishery in 2010-2012 was more 
reasonable (0.3<G<0.4). The distribution was 
relatively average in 2013-2016 (0.2<G<0.3); the 
distribution gap of industry water consumption in 
2010-2011 was huge (G>0.5), and the gap in 2012- 
2016 was large (0.4<G<0.5); The distribution gap of 
public water consumption has always been large 
(0.4<G<0.5); the distribution gap of domestic water 
consumption has been huge (G>0.5); the distribution 
gap of ecological environment water consumption was 
large in 2010-2012 (0.4<G<0.5) and the distribution 
gap is reasonable in 2013-2015 (0.3<G<0.4), and 
average in 2016 (0.2<G<0.3). The above evaluation 
results of the water consumption Gini coefficient of 
various industries are consistent with the results of the 
Lorenz curve of each industry in each of the above years. 

2) Interannual variation of the uniformity of water 
consumption distribution in various industries 

Based on the Gini coefficient of water consumption 
in various industries in each year, the following 
quantitative analysis of the change of uniformity of the 
distribution of water consumption in the six major 
industries in Gansu Province from 2010 to 2016 was 
carried out (Fig. 5). 

Table 1. Table of Gini coefficient of water consumption of different industries from 2010 to 2016 

Year 

Gini Coefficient of water consumption of different industries 

Farmland 
irrigation 

Forestry, animal 
husbandry and 

fishery 
Industry Urban public use Resident life Ecological 

environment 

2010 0.1217 0.3325 0.5508 0.4865 0.5298 0.4426 
2011 0.1237 0.3308 0.5077 0.4890 0.5340 0.4454 
2012 0.1154 0.3250 0.4331 

0.4579 
0.5010 0.5400 0.4553 

2013 0.1093 0.2347 0.4807 0.5435 0.3295 
2014 0.1078 0.2124 0.4446 0.4771 0.5327 0.3414 
2015 0.1096 0.2065 0.4552 0.4794 0.5380 0.3493 
2016 0.1010 0.2180 0.4463 0.4658 0.5272 0.2712 
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1. The regional distribution of irrigation water for 
farmland remains absolutely balanced. The Gini 
coefficient of farmland irrigation water 
consumption from 2010 to 2016 has continued 
to decrease slightly from 0.12 to 0.10, indicating 
that the regional distribution of farmland 
irrigation water in Gansu Province was more and 
more balanced and regional differences were 
extremely small. 

2. The regional distribution of water for forestry, 
animal husbandry and fishery tends to be 
relatively average. From 2010 to 2012, forestry, 
animal husbandry and fishery water 
consumption area distribution was more 
reasonable. The Gini coefficient of forestry, 
animal husbandry and fishery use from 2013 to 
2016 was greatly reduced to 0.21, indicating that 
the water consumption areas of forestry, animal 
husbandry and fishery in Gansu Province tended 
to be relatively average. 

3. The regional distribution of industrial water 
consumption has gradually narrowed. The 
regional distribution gap of industrial water 
consumption from 2010 to 2011 was large. The 
Gini coefficient of industrial water consumed 
from 2012 to 2016 was floating between 0.43-
0.46, indicating that the concentration of 
industrial water consumption in Gansu Province 
slightly slowed down and the gap gradually 
narrowed. From 2010 to 2016, the proportion of 
industrial water in Lanzhou City, Qingyang 
City, Pingliang City and Jinchang City decreased 

by 12.59%, 3.61%, 1.55% and 0.48%, 
respectively. Other administrative divisions had 
different degrees of rise. 

4. The difference in the distribution of water 
consumption area of urban public use has 
slightly narrowed. Urban public water 
consumption Gini coefficient from 2010 to 2016 
dropped from 0.49 to 0.47, indicating that the 
regional distribution gap of public water 
consumption in administrative districts slightly 
decreased, but the gap remained large. Due to 
the imbalanced regional economic development 
in Gansu Province, the scale and speed of 
construction and service industries in various 
administrative divisions were quite different, 
resulting in uneven urban public water 
consumption in various regions. 

5. The distribution gap of domestic water 
consumption has been huge. The Gini 
coefficient of domestic water consumption from 
2010 to 2016 was reduced to 0.47 from 0.53, 
indicating that the regional distribution gap of 
domestic water in each administrative division 
decreased slightly, but the gap remained large. 
From 2010 to 2016, the proportion of domestic 
water consumption in Tianshui City, Lanzhou 
City, Qingyang City and Baiyin City decreased 
by 2.73%, 0.85%, 0.61% and 0.02% respectively. 
Other administrative divisions had different 
degrees of rise. First, in recent years, water-
saving technologies and water consumption 
efficiency have been continuously improved, 

 
Fig. 5. Curve of Gini coefficient for water consumption in various industries from 2010 to 2016 
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and the water consumption of residents in some 
areas has decreased. Second, with the economic 
development of Gansu Province, the water 
consumption of residents in some urban and 
rural areas has increased. The combination of the 
two has slightly slowed the regional differences 
in living water consumption of residents in 
Gansu Province. 

6. The gap in the distribution of ecological 
environment water resources continues to 
shrink. From 2010 to 2012, the distribution gap 
of ecological environment water consumption 
area was large; from 2013 to 2015, the Gini 
coefficient of ecological environment water was 
reduced to 0.35, and the regional distribution 
was reasonable; in 2016, the Gini coefficient of 
ecological environment water was reduced to 
0.27, and the regional distribution was relatively 
average. This indicates that the distribution of 
ecological environment in Gansu Province was 
more and more balanced. From 2010 to 2016, the 
water consumption of ecological environment in 
Gansu Province increased from 0.303 billion m3 
to 0. 412 billion m3, which means that all regions 
have begun to pay attention to ecological and 
environmental issues and gradually adjusted the 
proportion of total water consumption in the 
region. From 2010 to 2016, Lanzhou City’s 
ecological environment water consumption 
accounted for 15.88% of the province’s 
ecological environment water consumption, 
while Jiuquan City’s ecological environment 
water consumption percentage increased by 
20.89% of the province’s ecological environment 
water consumption. It can be seen that the 
regional gap of ecological water distribution was 
reduced. 

CONCLUSION 
The changing world climate and environmental 

changes highlight problems and needs associated with 
water resources management, including reductions in 
fresh water resources and the growing demand for 
water. Reasonable water resource management is an 
effective way to solve water resource shortages. The 
framework developed in this study advances progress in 
water resources management approaches. Differences 
in ecosystem service functions directly reflect 
differences between environments in different areas. If 
water resources management is simultaneously 
managed with ecosystem services, regional 

environmental and ecological problems can also be 
considered. 

Research Conclusions 
From the two aspects of water resources and water 

consumption, the paper firstly applies an ecosystem 
services framework to research water resource 
management, then it analyzes the spatial and temporal 
evolution of total water resources in Gansu Province, 
and uses Lorentz curve and Gini coefficient to study the 
dynamics of water resources utilization in Gansu 
Province from two dimensions: space and time. The 
main conclusions are as follows: 

(1) From 2010 to 2016, the total amount of water 
resources in Gansu Province continued to 
decrease. Among them, the change trend of 
surface water resources was consistent with the 
change of total water resources, and the 
groundwater resources remained basically 
unchanged. 

(2) The spatial distribution of total water resources 
in Gansu Province was uneven. The spatial 
distribution of water resources in Gansu 
Province had a very low matching degree with 
social, population and economic development. 
The contradiction between water supply and 
demand was prominent. The total amount of 
water resources in the 14 administrative 
divisions of the province varied greatly. The 
water resources were mainly concentrated in 
Gannan and Longnan, and the water shortage 
was most serious in the Hexi area, especially the 
change in the amount of water resources per 
capita presented a “cliff” style. 

(3) The spatial distribution of farmland irrigation 
water in Gansu Province is absolutely balanced, 
the spatial distribution of water for forestry, 
animal husbandry and livestock is relatively 
balanced, the spatial distribution of water for 
ecological environment is relatively reasonable, 
and the spatial distribution of water for industry 
and urban public use is large and the spatial 
distribution gap for domestic water consumption 
is huge. 

(4) In addition to domestic water consumption, the 
spatial distribution gaps of water consumption in 
various industries in Gansu Province from 2010 
to 2016 were reduced to varying degrees. The 
spatial distribution of irrigation water for 
farmland remained absolutely balanced; the 
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regional gap of forestry, animal husbandry and 
fishery water use continued to shrink, and the 
spatial distribution tended to be relatively 
balanced; the regional distribution of ecological 
environment water consumption narrowed 
significantly, and the spatial distribution became 
more balanced; the regional distribution of 
industrial water consumption changed from 
narrowing gap to widening gap; the regional 
distribution gap of urban public water 
consumption slightly decreased, but the gap 
remained large; the regional distribution gap of 
domestic water consumption remained huge. 

Countermeasures 
The above is a detailed review of the dynamic 

evolution process of water resources development and 
utilization in Gansu Province, which is conducive to 
comprehensively grasping the water resources and 
utilization of water resources in Gansu Province in 
recent years, scientifically understanding the water 
resources endowments of various regions in Gansu 
Province, optimizing and formulating the industrial 
structure that meets the resource endowment of Gansu 
Province, giving full play to the advantages of regional 
water resources, helping the healthy cycle of social-
economic-water resources-ecology in Gansu Province. 
The specific recommendations are as follows: 

(1) Reduce flooding and adjust storage. In view of 
the uneven distribution of precipitation in 
Gansu Province, especially in some areas every 
year from May to September, the government 
should use scientific human intervention to 
establish a water resources system operation 
system that integrates irrigation and drainage 
projects, regulates storage ponds, and recycles 
fisheries and farmers, and achieves the goal of 
reducing flooding and storage. In particular, 
activate the water storage project in the province 
and give full play to the storage capacity, 
especially the Yellow River Basin. 

(2) All reduction of surface water resources in 
Gansu Province was that the provincial Neijiang 
river runoff was getting worse. Gansu Province 
has gradually implemented inter-basin water 
resources allocation, such as water supply and 
water diversion from Taohe River and water 
diversion from Datong River to Qinwangchuan 
Basin. On this basis, the hydrological structure, 
water resources characteristics and water 
demand of all river basins and large reservoirs in 
the province are considered comprehensively. 
The digital water network technology is used to 
scientifically and accurately analyze the joint 
dispatching optimization problem of the basin-
reservoir integrated water resources system to 
realize the artificial- natural water resources 
linked to water transfer to minimize the 
imbalance of spatial distribution of surface water 
resources. 

(3) Adjust according to water situation. According to 
the temporal and spatial evolution of water 
consumption structure in Gansu Province, 
consider continuing to implement the country’s 
most stringent water resources management 
system in light of time, region and different 
strategies. According to the water structure 
characteristics of different regions, adjust the 
adaptive city scale and industrial structure of 
each region, refine the water resources 
development plan, focus on optimizing the 
micro water resources cycle, and finally realize 
the development goal of water-sensitive cities. 
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